The Adrenal gland is the second most common site of metastasis from a hepatocellular carcinoma (HCC) (1). Surgical adrenalectomy has been reported to be an effective treatment for the metastatic tumors (2, 3). However, nonsurgical treatments such as transarterial chemoembolization (TACE) or percutaneous ethanol injection therapy (PEI) have also been reported as potentially equivalent alternatives for these tumors (4). Recently, radiofrequency ablation (RFA) for these tumors has also been reported with favorable clinical results, especially for inoperable patients (5, 6). For intermediate or large adrenal tumors, however, complete necrosis of the adrenal tumors may not be achieved without difficulty. Combination therapy with transarterial chemoembolization (TACE) and RFA can be attempted for this situation. As with liver tumors, it can reduce the heat sink effect by the arterial feeders, and thus can increase the volume of the ablation. We report here a case of a 5.0 cm sized metastatic adrenal tumor from a HCC that was successfully treated with combination therapy of TACE and RFA.
The adrenal gland is the second most common site of metastasis from a hepatocellular carcinoma (HCC). Radiofrequency ablation (RFA) for these tumors has been reported to be a potentially effective alternative to an adrenalectomy, especially for inoperable patients. However, for intermediate or large adrenal tumors, combination therapy of transarterial chemoembolization (TACE) and RFA can be attempted as it may reduce the heat sink effect. A 74-year-old patient presented with abdominal discomfort. Abdominal CT images revealed a 5.0 cm sized right adrenal mass. A percutaneous biopsy of the adrenal mass revealed a metastatic hepatocellular carcinoma. TACE was performed on the adrenal mass. However, a one-month follow-up CT image revealed a residual viable tumor. RFA was performed for the adrenal tumor six weeks after the TACE. No procedure-related major complications were noted. The serum alpha-fetoprotein level had also been normalized after the treatment, and 10-month follow-up CT images showed no definite evidence of viable adrenal tumor. sured as 138.3 ng/mL. A percutaneous liver biopsy revealed a histopathological diagnosis of HCC. As the patient did not want to undergo surgical treatment, TACE was performed for the liver mass. Follow-up CT images obtained one month after the TACE demonstrated partial uptake of iodized oil (Lipiodol; Andre Guerbet, Aulnay-sous-Bois, France) for the mass, and no definite evidence of an abnormal nodular enhanced area. A. An arterial-phase CT scan shows an oval shaped well-enhanced right adrenal mass (black arrow). A large hepatic mass in the caudate lobe is also seen (white arrow).
B.
A right superior adrenal arteriogram shows the hypervascular adrenal mass. C, D. A one-month follow-up Dynamic MR scan after radiofrequency ablation shows no evidence of viable tumor in the right adrenal gland (arrow in C). Residual viable portions in the treated liver mass are noted (arrow in D). E. A MR scan T2 weighted image (7058/61) taken six months after radiofrequency ablation therapy shows a decreased size of the adrenal mass without evidence of a high signal intensity area within the adrenal mass (arrow). A dynamic MR scan taken at the same session (data not shown) also shows no evidence of residual viable adrenal tumor. E After two years of follow-up loss for an unknown cause, the patient revisited our center. The patient did not undergo any other specific treatments for the liver tumor during this period. At this time, the serum AFP value was measured as 187.3 ng/mL. A contrast enhanced CT scan showed a large liver mass with interval growth with an approximate 9 cm diameter. In addition, a new right adrenal mass was found, contacting the large liver mass, with the maximal diameter measuring 5 cm (Fig. 1A) . The adrenal mass showed prominent contrast enhancement on the arterial phase scan and washout of enhancement on the delayed phase scan, as did the large liver mass. A percutaneous biopsy for the adrenal mass revealed a metastatic HCC.
As the patient did not want to undergo surgical treatment, we planned to treat both the liver and adrenal mass with a nonsurgical interventional treatment. The tumor size seemed to be somewhat large for a single therapy of RFA. Therefore, TACE was planned first. After obtaining informed consent from the patient, we performed TACE. A right renal arteriography was performed to identify the arteries that fed the adrenal tumor. Hypervascular tumor staining was found, mainly fed by the right superior adrenal artery (Fig. 1B) . Other feeding arteries were too fine to superselect.
Adrenal TACE was performed using a 13 mL suspension of iodized oi1 (Lipiodol; Andre Guerbet, Aulnaysous-Bois, France) and 80 mL doxorubicin hydrochloride (Adriamycin. Sinpung, Seoul, Korea) via the right inferior adrenal artery. Then, gelatin sponge particles (Gelfoam; Upjohn, Kalamazoo, MI) mixed with 2 mg mitomycin-C (Kyowa; Kyowa Hakko Kogyo, Tokyo, Japan) were infused into the same arterial feeder. A post-embolization angiogram revealed no definite evidence of residual tumor staining in the right adrenal mass. No serious complications occurred during or after the procedure, except for transient abdominal pain and mild fever.
An abdominal CT scan obtained one month after the TACE demonstrated that the embolic material was partially distributed to the anteroinferior portion of the mass. However, the posteroinferior portion of the mass showed prominent early contrast enhancement, highly suggestive of a residual viable tumor. It was likely that the residual viable tumor was supplied by fine arterial branches as the main arterial feeder was completely occluded during the adrenal embolization. RFA was chosen as an additional treatment, because selective adrenal chemoembolization was very difficult to perform. The right mid and superior adrenal artery were too fine to superselect.
Six weeks after the TACE, ultrasonography guided RFA was performed on the patient under conscious sedation, using a RF 2000 generator system (Radiotherapeutics, Mountain View, CA U.S.A.). A multitined expandable electrode (Le veen needle electrode; Radiotherapeutics) with an active zone of 3.5 cm was used. The output was initially adjusted to 50 watts, and was increased up to 80 watts by 10 watts every minute. Roll-off was obtained for two times. The total ablation time was about 9 minutes. The procedure was tolerable to the patient and no significant complications developed during and after the procedures, except for the transient high fever.
After RFA for the adrenal tumor, further treatment for the liver mass was performed with one session of TACE and four sessions of RFA.
Dynamic MR images one month after the adrenal RFA showed no definite evidence of viable adrenal tumor (Fig. 1C) . Howevere, residual viable portions were noted in the large liver mass (Fig. 1D) , and an additional two sessions of RFA were performed for the enhancing lesions of the liver. A 6-month follow-up MR after the adrenal RFA revealed an adrenal mass without contrast enhancement (Fig. 1E) . The diameter of the mass decreased from 5 cm to 3 cm, and the serum AFP level also had been normalized. MR images revealed no definite evidence of viable tumor in the liver or adrenal area. A ten-month follow-up CT also showed no definite evidence of recurred tumor in the liver or adrenal area. However, an incidental femur shaft fracture happened six months after the adrenal RFA. After surgery for the fracture, and a subsequent four-week administration of antibiotics, the liver function of the patient deteriorated. Thirteen months after the RFA for the adrenal mass, the patient died due to hepatorenal syndrome.
Discussion
Successful surgical treatment had been reported for the treatment of an adrenal metastasis from a HCC (2 4). There have been few reports in the literature that have examined combination therapy with TACE and RFA for metastatic adrenal HCC.
TACE of the metastatic adrenal tumor was reported by O'keeffe et al. (7) . However, TACE may have only a very limited role in the treatment of an adrenal mass because of the complex arterial network of the adrenal gland (7, 8) . TACE can also cause potential complications such as marked hypertension or tachycardia by a massive release of catecholamines from the embolized normal part of the adrenal gland during the procedure (1). However, in this study, there was no significant hemodynamic change during and after the TACE. We think that this lack of a hemodynamic change resulted as most of the normal adrenal gland tissue was already replaced by the tumor.
RFA can also treat liver masses up to 4 5 cm in the maximal diameter. However, for intermediate or large tumors, the local tumor progression rate is relatively high, compared to a small sized tumor (<3 cm). For these tumors, combination treatment with TACE and RFA can be a more effective treatment modality for local tumor control.
RFA for adrenal tumors can be performed with a similar technique for liver masses. The indications can be also similar, that is, up to 4 5 cm in the maximal diameter. For a small tumor less than 3 cm, single RFA therapy would be sufficent. Howevere, for intermediate sized adrenal masses, combination therapy of TACE and RFA would be more effective because of the following potential advantages. Pre-ablation TACE can accentuate the effect of RFA, because occlusion of the arterial feeder for the mass can lead to a wider area of ablation by reducing the heat sink effect. Pre-ablation TACE can also reduce the viable tumor volume before RFA (9) . The same effect can also be applied for the treatment of an adrenal mass. In this study, sequential treatment with TACE and RFA resulted in complete remission of the adrenal tumor over a 6 month time period. This suggests that RFA, when combined with TACE, has the potential to be an effective alternative treatment to a surgical adrenalectomy. This study also suggests the possibility that primary or other secondary adrenal tumors may be treated effectively with the combination therapy of TACE and RFA.
In this study, the ablation time was relatively short (9 minutes). Roll-off was obtained relatively earlier than for usual liver masses. We think that fatty tissue around the adrenal gland may function as an insulator for heat conduction. This suggests that RFA can be an effective treatment modality for the treatment of an adrenal mass.
CT guided RFA also can be an effective treatment procedure for a metastatic adrenal HCC as the combination therapy with TACE and RFA (5) . Further studies will be needed to evaluate these treatment modalities for metastatic adrenal tumors. PEIT can be another effective nonsurgical treatment for adrenal masses. Shibata et al. reported effective adrenal tumor control with PEIT (10) . However, PEIT is expected to be effective only for small unilateral metastatic nodules, and would have limited value for large or bilateral metastases (10) .
There are several limitations in this study. First, the follow-up period was relatively short. A longer period of follow-up would be more helpful for the evaluation of the ultimate clinical usefulness of the combination treatment. Second, survival gain from this combined treatment was not definite. However, this study clearly showed that combination therapy with TACE and RFA could be an effective alternative treatment for a metastatic adrenal HCC.
In conclusion, sequential treatment with TACE and RFA may be an effective alternative treatment for a metastatic adrenal HCC, especially when surgery is not indicated. Further large scale studies may be needed to evaluate the safety and efficacy of this procedure.
